colonic homeostasis, rendering mucosal cells less susceptible to injury from stresses and pathogens and enhancing preservation of mucosal functions. Among its actions, Hsp70 binds and prevents stress-induced denaturation of critical proteins involved in barrier (tight junction) function, transport, cytoskeleton, immune modulation, and apoptosis (14, 19, 28, 33, 34) . We recently showed that Hsp70-null mice treated with azoxymethane/dextran sodium sulfate (DSS) develop chronic colitis and multifocal flat dysplasia and invasive cancer similar to ulcerative colitis (33) . Thus, in the absence of Hsp70, a normally transient injury is converted to a self-sustaining severe colitis, and complicating neoplastic transformation is greatly enhanced.
Prior studies from our laboratory (9) revealed that colonic epithelial Hsp70 is downregulated in inflamed colonic tissue in inflammatory bowel disease (IBD) and in chronic experimental colitis in IL-10 Ϫ/Ϫ -deficient mice compared with noninflamed controls. In inflamed colonic mucosa, elevated levels of proinflammatory cytokines, especially IFN-␥ and TNF-␣, selectively inhibit Hsp70 translation, in part, through stimulation of dsRNAdependent protein kinase (PKR), causing inhibitory phosphorylation of eukaryotic initiation factor 2␣ (eIF-2␣). These actions interfere with polyribosomal engagement of mRNA in protein translation both in vivo and in vitro (9) . However, the possibility that the 5Ј and/or 3Ј untranslated regions (UTR) of the Hsp70 mRNA are involved in inflammation-associated downregulation of Hsp70 has not been explored.
In this study, we explored the role of 5Ј-and 3ЈUTRs of Hsp70 mRNA in inflammation-induced downregulation of colonic Hsp70 in epithelial colonic cells and in transgenic (TG) mice engineered to express intestinal epithelial-specific Hsp70 using a villin-promoter-driven Hsp70 transgene that lacked Hsp70 -3ЈUTR. Moreover, we examined the physiological consequences of forced Hsp70 expression in TG mice in the DSSinduced colitis model. Our long-term objective was a more complete understanding of the translational regulation of Hsp70, which may provide a basis for preventing Hsp70 downregulation and restoring intestinal homeostasis.
MATERIAL AND METHODS
Cell culture. Conditionally immortalized young adult mouse colonic epithelial cells (YAMC) were used for in vitro experiments, which were generously provided by Dr. Robert Whitehead, Vanderbilt University, Nashville, TN. YAMC cells were grown at 33°C as previously described (36) . Cells were fed IFN-␥-free medium and switched to the nonpermissive conditions of 37°C for 16 -24 h. During this time, SV40 large T antigen is no longer produced because of a temperature-sensitive mutation at amino acid 58 (tsA). After treatments, cells were rinsed two times and scraped into ice-cold PBS. Cells were pelleted (14,000 g for 20 s) and lysed for RNA and protein extraction as described (9) .
Animal. Wildtype (WT), Hsp70 knockout (KO), and Hsp70 TG mice on a C57BL/6 background were used in the study. All mice were maintained under specific pathogen-free (SPF) conditions that are required for maintaining our mouse colonies. Under these conditions, the course of acute colitis induced by DSS is not affected and not different from that reported in mice from a non-SPF environment (33) . All animal studies were approved by the Institutional Animal Care and Use Committee of the University of Chicago and were consistent with NIH guidelines for humane care of animals.
Hsp70 KO mice (Hsp 70.1 Ϫ/Ϫ and 70.3 Ϫ/Ϫ ) on a mixed 129S/ C57BL/6J background (8, 10) were bred back 12 generations to a pure C57BL/6 background through the speed congenic services of Jackson Laboratory (Bar Harbor, ME). Mice heterozygous for Hsp70 deletion (Hsp 70.1 ϩ/Ϫ and 70.3 ϩ/Ϫ ) were interbred, and WT and double Hsp70 KO littermates were used for experiments (33) .
To study the role of the Hsp70 UTR in translation regulation in vivo, a tissue-specific "UTR-less" Hsp70 TG mouse was developed. The villin-Hsp70 TG expression construct was engineered by fusing the full-length coding sequence of human Hsp70 cDNA cloned at the initiation codon of mouse 9 kb villin promoter (24) , as shown in schematic Fig. 4A . A termination signal and bovine growth hormone polyA signal were added downstream. The construct was linearized and injected into fertilized oocytes of C57BL/6 mice. High copy and low copy lines were obtained and bred on C57BL/6 background. TG animals were identified by Southern blotting and PCR analysis using tail genomic DNA. Under nonstressed conditions, the transgenic mice lines displayed no detectable phenotypic differences from WT littermate controls. Therefore, the high copy line was arbitrarily chosen for further characterization and analysis of colonic Hsp70 expression. The Hsp70 transgene mRNA can be differentiated from endogenous murine Hsp70 mRNA by real-time PCR with the use of the specific primers listed below.
Induction of DSS-colitis. To induce colitis, 8 -10-wk-old mice were given 2% or 3% DSS (ICN Chemicals, Costa Mesa, CA) in drinking water for 7 days. Mice were monitored for weight changes, diarrhea, bloody stool, and overall health (4, 5) . Mice were euthanized with sevoflurane at days 2, 3, 4, 5, 6 , and 7 after DSS treatment. For Western blot, real-time PCR, and myeloperoxidase (MPO) assays, intestinal segments were opened along the longitudinal axis and mucosa scraped off with glass slides. Adjacent tissues were also fixed in 10% neutral buffered formalin for hematoxylin and eosin staining. MPO activity was measured as an indicator of neutrophil accumulation in colonic mucosa with the use of an MPO chlorination assay (EnzChek MPO Activity Assay Kit; Molecular Probes, Eugene, OR). Histological grading of intestinal inflammation was performed by a pathologist blinded to the treatment conditions and Hsp70 genotype using a previously validated scoring system previously described: no inflammation was scored as 0; modest numbers of infiltrating cells in the lamina propria was scored as 1; infiltration of mononuclear cells leading to separation of crypts and mild mucosal hyperplasia was scored as 2; massive infiltration with inflammatory cells accompanied by disrupted mucosal architecture, loss of goblet cells, and marked mucosal hyperplasia was scored as 3; and the presence of features in 1-3 plus crypt abscesses or ulceration were scored as 4 (16, 30) .
Western blot analysis. Mouse mucosal samples from transverse colon or pelleted YAMC cells were homogenized in 10 mM Tris, pH 7.4, 5 mM MgCl2, complete protease inhibitor cocktail (Roche Molecular Biochemicals, Indianapolis, IN), 50 U/ml DNAse (Amersham, Piscataway, NJ), and 50 U/ml RNAse (Ambion, Austin, TX). An aliquot (10 l) was removed for protein analysis with the bicinchoninic acid method. To the remainder, 3ϫ Laemmli stop solution was added and samples heated to 65°C for 10 min.
Twenty micrograms of protein were separated by SDS-PAGE and transferred to polyvinylidene difluoride membranes in 25 mM Tris, pH 8.8, 192 mM glycine, and 15% (vol/vol) methanol. Membranes were blocked with 5% (wt/vol) nonfat dry milk in Tween-Trisbuffered saline (TTBS). Blots were incubated overnight at 4°C in primary antibodies for Hsp70 (SPA810; StressGen/Assay Designs, Ann Arbor, MI), Hsc70 (SPA815, StressGen), and cytokeratin 18 (18 -0158; Zymed Laboratory, South San Francisco, CA). Membranes were washed with TTBS, incubated with horseradish peroxidase-conjugated species-appropriate secondary antibodies (Jackson Immunoresearch, West Grove, PA) for 1 h at room temperature, and developed using an enhanced chemiluminescence system (Supersignaling; Pierce, Rockford, IL).
Quantification of images was performed by scanning densitometry using NIH Image J 1.54 software (National Institutes of Health, Bethesda, MD).
Quantitation of Hsp70 mRNA with real-time PCR. Total RNA was extracted from mouse transverse colonic mucosa or pelleted YAMC cells by Trizol (Invitrogen, Grand Island, NY) according to the manufacturer's instructions. Complementary DNA was synthesized using SuperScript II (Invitrogen) and random hexanucleotide primers. The forward and reverse primers used were as follows: mouse endogenous Hsp70, 5Ј-GGCTGATCGGCCGCAAGTT-3Ј and 5Ј-GGAAGGGCCAGTGCT-TCAT-3Ј; TG human Hsp70, 5Ј-ACTGCCCTGATCAAGCGC-3Ј and 5Ј-CGGGTTGGTTGTCGGAGTAG-3Ј; mouse GAPDH, 5Ј-GGCAAATT-CAACGGCACAGT-3Ј and 5Ј-AGATGGTGATGGGCTTCCC-3Ј; Firefly luciferase, 5Ј-AAGATTCAAAGTGCGCTGCTGGTG-3Ј and 5Ј-TTGC-CTGATACCTGGCAGATGGAA-3Ј; Renilla luciferase, 5Ј-CAGTGGTG-GGCCAGATGTAAACAA-3Ј and 5Ј-TAAGAAGAGGCCGCGTTAC-CATGT-3Ј. Real-time PCR was performed in an iCycler (Bio-Rad, Hercules, CA) using iQSYBR Green PCR Supermix (Bio-Rad). A two-step quantification cycling protocol was used. The Ct value is defined as the cycle number at which the fluorescence crosses a fixed threshold above the baseline. As a relative quantitation, fold changes were measured using the ⌬⌬Ct method. For each sample, the Ct value of Hsp70 mRNA was normalized to the GAPDH endogenous control as ⌬Ct, (⌬Ct ϭ Ct Hsp Ϫ CtGAPDH). The fold change of Hsp70 mRNA in the experimental sample relative to control sample was determined by 2
Ϫ⌬⌬Ct , where ⌬⌬Ct ϭ ⌬CtExperimental Ϫ ⌬CtControl (31) . Luciferase reporter assay. YAMC cells were transiently transformed with pGL3-promoter vector (E1761; Promega, Madison, WI) and pRL-TK plasmids (Renilla luciferase driven by thymidine kinase promoter, E2241, Promega) using TransIT LT-1 (Mirus, Madison, WI) transfection reagent according to the manufacturer's recommendations. Modified pGL3-promoter vectors were constructed with additional 5ЈUTR or 3ЈUTR of mouse Hsp70 mRNAs downstream to luciferase coding sequence (Fig. 3A) . Two copies of Hsp70 gene are expressed in mature mouse colonic cells, Hsp70.1 and Hsp70.3, which have identical 5ЈUTR and coding sequences but different 3ЈUTR. Sixteen hours after transfection, cells were treated with a combination of murine IFN-␥ (200 U/ml) and murine TNF-␣ (100 ng/ml) for 8 h before heat shock at 42°C for 23 min, as previously described (9) . Cells were harvested 2 h after heat shock in 500 l active lysis buffer (Promega). Firefly and Renilla luciferase activity in the lysate were determined with a Dual-Luciferase Reporter assay system, according to the manufacturer's instructions (Promega). Triplicate samples were assayed for the Firefly luciferase activities and normalized to Renilla luciferase activity. Firefly and Renilla luciferase mRNA levels were measured using realtime PCR. Firefly luciferase mRNA was normalized to the Renilla luciferase mRNA, which served as the transfection efficiency control.
Immunohistochemical staining for Hsp70. Sections of mouse tissues were fixed in 10% (vol/vol) neutral buffered formalin and embedded in paraffin, and 4-m cross-sections were cut. Sections were stained for mouse Hsp70 using the Vectastain Elite ABC kit (Vector Laboratories, Burlingame, CA) according to the manufacturer's instructions, modified by using the citrate-microwave antigen recapture procedure, as previously described (12) . The primary antibodies used for Western blots (SPA810; StressGen) were also employed for immunostaining.
Colonoscopic assessment of colitis. Colonic mucosal damage attributable to the DSS treatment was assessed in vivo using the Coloview (Karl Storz, Tuttlingen, Germany) experimental colonos-copy system, as previously described (20, 35) . Mice undergoing colonoscopic examination were placed under anesthesia using 100 g ketamine and 10 g xylazine per gram of body weight in accordance with an approved IACUC protocol. The colitis severity was determined by using a previously described murine endoscopic intestinal colitis scoring system: the evaluation of colon translucency (0 -3 points), presence of fibrin attached to the bowel wall (0 -3 points), granular features of the mucosa (0 -3 points), morphology of the vascular pattern (0 -3 points), and presence of loose stool (0 -3 points), with range of 0 -15 points (20, 35) .
Statistical analysis. Results are presented as the means Ϯ SE for the indicated number of experiments. The results of multiple experiments were analyzed by using Student's t-test or analysis of variance using a Bonferroni correction for multiple comparisons.
RESULTS

Colonic Hsp70 is downregulated in DSS-induced colitis.
To determine whether murine colonic Hsp70 levels are altered by inflammation, C57BL/6 mice were treated with 3% DSS in their drinking water for 7 days. This is a well-established murine model of acute colitis, characterized by a lag time of 3-4 days, then gradual weight loss, appearance of bloody stools, and onset of colonic inflammation (4, 5) . Following DSS treatment, intestinal inflammation (Fig. 1B) , MPO activity (Fig. 1C) , weight loss, and appearance of bloody stool were evident by day 4 and peaked at about day 7. As tissue inflammation increased, colonic Hsp70 levels decreased (Fig.  1A) . A significant reduction in Hsp70 expression was evident by day 5 of DSS treatment, decreasing even further by day 7. In contrast, expression of constitutive Hsc70 and epithelialspecific cytokeratin 18 was unchanged over the course of DSS treatment. No significant changes in Hsp70 mRNA levels were detected in DSS-treated mouse colon at days 4 and 7 (Fig. 1D) , suggesting that posttranscriptional processing of Hsp70 was involved. Decreased Hsp70 expression was also evident by immunohistochemistry analysis, shown in Fig. 5A .
Compromised intestinal homeostasis in Hsp70 KO mice with DSS-induced colitis. To determine whether intestinal homeostasis is compromised by loss of Hsp70 expression, Hsp70 KO mice and littermate WT controls were treated DSS. As shown in Fig. 2A , Hsp70 KO mice did not survive a 7-day-course of 3% DSS, whereas WT mice were all alive. To assess the histological change between WT and Hsp70 KO mice in colitis, DSS treatment was adjusted to a lower 2% dose for 5 days and mice euthanized 5 days after DSS cessation. All WT and Hsp70 KO mice survived 2% DSS treatment. Hsp70 KO mice demonstrated severe colitis with luminal necrotic debris, whereas WT mice showed almost complete recovery with limited residual ulceration (Fig. 2B) . Significantly higher histological inflammation scores (P Ͻ 0.05) were observed in 2% DSS-treated Hsp70 KO mice compared with WT (Fig. 2C) , indicating that absence of Hsp70 renders KO mice significantly more susceptible to DSS injury.
The 3ЈUTR of Hsp70 mediates cytokine inhibition of reporter gene translation in YAMC cells. To investigate mechanisms responsible for the inflammation-induced reduction in colonic Hsp70 expression, YAMC cells were transfected with different luciferase reporters vectors containing regulatory 5Ј-or 3ЈUTR from Hsp70. Measurement of firefly luciferase activity served as a measure of Hsp70 mRNA translation as described (18) . Previously, we reported that the proinflammatory cytokines, IFN-␥ and TNF-␣, contribute to decreases in colonic Hsp70 expression in intestinal inflammation (9). As in cells pretreated with IFN-␥ and TNF-␣, the presence of either Hsp70.1 or Hsp70.3 3ЈUTR significantly decreased the translation of chimeric luciferase mRNAs (Fig. 3B) . Firefly luciferase mRNA levels were also measured in these cells and normalized by Renilla luciferase mRNA levels that severed as the transfection efficiency control. As shown in Fig. 3C , IFN-␥ and TNF-␣ treatment did not change the ratio of luciferase mRNAs in cells transfected with the reporter vectors. These findings suggested that the 3ЈUTRs from Hsp70.1 and Hsp70.3 mRNAs mediate the inhibitory effects of IFN-␥ and TNF-␣ on translation of these Hsp70 isoforms.
Expression of Hsp70 in UTR-less TG mice. On the basis of the in vitro luciferase reporter assays (Fig. 3) , we investigated the role of Hsp70 3ЈUTR in downregulation of this chaperone in vivo in experimental colitis. A TG mouse was developed that expressed Hsp70 transgene lacking 3ЈUTR under the control of the intestinal-epithelial specific villin promoter (Fig. 4A) . TG-Hsp70 mRNA levels were measured in different organs, including liver, kidney, jejunum, and transverse colon. In WT mice, as expected, TG-Hsp70 mRNA was not detected in any tissues. In TG mice, high levels of TG-Hsp70 mRNA were present in jejunum and colonic mucosa, lower levels in kidney, and minimum levels in liver tissue (Fig. 4B) . Similarly, high Hsp70 protein expression was found in the mature epithelium of intestinal mucosa of TG mice by Western blot analysis (Fig. 4C) , corresponding to regions where villin expression would be anticipated. As might be expected with constitutive transgenic Hsp70 protein expression, endogenous Hsp70 mRNA was significantly inhibited in the colonic mucosa of TG mice (Fig. 5C) .
DSS-induced colitis is associated with inhibited Hsp70 protein expression in WT but not in Hsp70 TG mice. Hsp70 expression was measured in the transverse colonic mucosa of DSS-treated WT and TG mice. As assessed by immunohistochemistry, colonic tissues from both mice demonstrated significant Hsp70 expression in epithelia under basal condition (Fig. 5A) . Colonic specimens from DSS-treated WT mice showed greatly reduced Hsp70 staining, even in areas with relatively mild colitis. In contrast, colonic tissues from DSStreated TG-mice continued to express abundant Hsp70 in the actively inflamed areas with inflammatory infiltration and mucosal destruction (Fig. 5A) . Western blot analysis was performed on mucosal samples to provide a more quantitative assessment of Hsp70 protein expression (Fig. 5B) . In WT mice, Hsp70 protein expression was significantly reduced in the actively inflamed specimens after DSS treatment compared with that in tissues from control, non-DSS treated mice. In TG mice, colonic Hsp70 levels were not reduced after DSS treatment. Constitutive Hsc70 was expressed at the same level in all samples. Endogenous and UTR-less TG-Hsp70 mRNA were analyzed in colon tissues from the same mice by real-time PCR using specific primers (Fig. 5C ). Although endogenous Hsp70 mRNA was expressed in colonic mucosa of WT, it was decreased by about 60% in TG mouse. TG-Hsp70 mRNA was not detectable in WT mouse but highly expressed in TG mouse. Fig. 5 . Protein expression of UTR-less Hsp70 mRNA is resistant to DSS-induced inflammation. WT and Hsp70 UTR-less TG mice were given 3% DSS for 7 days and then euthanized. Mice given normal tap water were euthanized as controls. Colonic mucosa of transverse colon was harvested for the following: immunohistochemistry staining of Hsp70 (A), Western blot of Hsp70 and Hsc70 (B), and real-time PCR of endogenous Hsp70 mRNA and UTRless TG-Hsp70 mRNA (C).
In both WT and TG mouse, DSS treatment did not decrease either endogenous or TG Hsp70 mRNA. These in vivo results thus confirm that the 3ЈUTR mediates the translational downregulation of Hsp70 in intestinal inflammation.
Reduced inflammation process in TG mice after DSS treatment.
To analyze the effects of constitutive colonic epithelial Hsp70 on the development of experimental colitis, both WT and TG mice were treated with 3% DSS for 7 days to induce colitis and then changed back to tap water for another 3 days. Endoscopic and histological grading of distal and transverse colon mucosa were performed at day 10, a time when severe degree of clinical colitis was consistently detected in both WT and TG mice (Fig. 6) . Before DSS treatment, healthy mucosa was observed with minimum lesions and no differences in Fig. 6 . Endoscopic and histological grading of DSS colitis in WT and Hsp70 TG mice. WT and Hsp70 UTR-less TG mice were given 3% DSS for 7 days and then given tap water for another 3 days before analysis. A: colonoscopy was performed before and after DSS treatment in WT and TG mice under anesthesia. An endoscopic score was calculated. Images shown are representative of 4 sets of experiments. B: after colonoscopy, WT and TG mice were euthanized for hematoxylin and eosin staining and histological grading of colitis. C: endoscopic score and histological score of various mouse groups. *P Ͻ 0.05 compared WT and TG mice after DSS treatment; n ϭ 4. endoscopic and histological inflammation scores between WT and TG mice. After DSS treatment, WT mice developed severe colitis with high endoscopic and histological inflammation scores as expected. In contrast, significantly lower endoscopic and histological inflammation scores (P Ͻ 0.05) were observed in DSS-treated TG mice. Overall, there was less mucosal destruction with more intact crypts and significantly fewer lymphoid aggregates.
DISCUSSION
Intestinal homeostasis is the essential and dynamic equilibrium of factors that maintain normal mucosal function, integrity, self-renewal and host defense. Inducible Hsp70, which is constitutively expressed in colonic mucosa, has multiple functions that are important for maintaining intestinal homeostasis, especially under stress conditions (14, 19, 28, 33, 34) . In the Hsp70-null mice, no gross histological colitis can be detected under basal condition, but elevated levels of proinflammatory chemokines and cytokines, indicative of a shift in immune homeostasis, can be detected (33) . We believe that other pathways compensate for the loss of Hsp70, e.g., soluble TNF-␣ receptor. When the colon is stressed further, e.g., DSS, the balance is disturbed. As shown in Fig. 2 , Hsp70 KO mice are more susceptible to DSS-induced colitis compared with WT mice, demonstrating that Hsp70 plays a critical role in protecting the colonic mucosa from this colitis-inducing stress.
We previously reported that Hsp70 is downregulated in human IBD and in a model of chronic experimental colitis (IL-10 Ϫ/Ϫ mice, 9). This report shows that the phenomenon is not specific to either of these conditions and can also occur as a direct consequence of acute DSS-induced injury (Fig. 1) . On the basis of the finding from Hsp70-null mouse, we would predict that the downregulation of Hsp70 would compromise intestinal homeostasis and promote the intensity and duration of inflammation-associated mucosal injury.
Hsp70 is downregulated in colitis through translational inhibition by proinflammatory cytokines. Previous studies from our laboratory revealed that the mechanisms involve activation of PKR, causing phosphorylation of eIF-2␣, preventing its engagement of the polyribosome. However, this effect would inhibit global mRNA translation and does not explain the selective downregulation of Hsp70 by inflammation and proinflammatory mediators. In contrast, gene-specific translational regulation is commonly mediated by regulatory elements in the flanking untranslated regions of mRNA (6, 11, 29) . Our in vitro findings suggest that the 3ЈUTR of Hsp70 mRNA plays a key role in the downregulation of Hsp70 during inflammation (Fig.  3) . This region in mouse and human Hsp70.1 and 70.3 contains alanine and uridine (AU)-rich elements and other candidate binding sites for regulatory factors, such as RNA binding proteins and miRNAs (11, 17, 18) . These factors are likely induced or activated by proinflammatory cytokines in IBD and experimental colitis to cause downregulation of Hsp70 (5, 21) . This notion is further supported by the fact that the UTR-less Hsp70 transgene is constitutively expressed in inflamed colonic mucosa, despite downregulation of the endogenous Hsp70 in WT mice (Figs. 4 and 5) . Interestingly, endogenous Hsp70 mRNA was decreased by about 60% in TG mouse (Fig.  5C ), likely resulting from feedback transcriptional downregulation as previously described (15) . As Hsp70 protein expression increases, it binds the transcription factor, heat shock factor-1, preventing transcription of endogenous Hsp70 genes.
Our study is significant in that Hsp70 protein expression was specifically forced in colonic epithelial cells with the use of a transgene driven by villin promoter (Fig. 4) . Forced expressed Hsp70 in the villin-expressed mature colonocytes protected colonic mucosa in DSS-induced colitis, resulting in significantly lower endoscopic and histological scores of mucosal damage in TG mice compared with WT mice (Figs. 5 and 6 ). These data demonstrate a direct contribution of colonic epithelial Hsp70 to the maintenance of intestinal homeostasis when challenged with colitis-inducing chemicals. The role of Hsp70 in nonepithelial cells, however, remains to be determined and should not be minimized. In innate immune cells, for example, Hsp70 mediates potent anti-inflammatory effects (2).
Tanaka et al. (32) had also shown that DSS-induced colitis was less severe in the universal Hsp70 and heat shock factor-1 TG mouse lines, as assessed by lower disease index and reduced inflammatory mediators, such as MPO and thiobarbituric acid reactive substances in response to DSS. Although DSS treatment and clinical outcomes in Tanaka's studies were similar to ours, there were several important differences that are difficult to reconcile. Tanaka analyzed Hsp70-protective effects in Hsp70 TG mice where the human Hsp70 transgene was derived from a cDNA transcript (PAT-HSP70) containing both 5Ј-and 3ЈUTR, driven by globally expressed ␤-actin promoter (25, 37) . The 350-bp 3ЈUTR in this transgene contains AU-rich elements and potential miRNA binding sites that are likely involved in inflammation-associated downregulation of Hsp70. Therefore, we should predict that the Hsp70 transgene expression would very likely be inhibited under conditions of colitis, similar to the endogenous Hsp70 mRNA. For this reason, assessment of Hsp70 expression levels would be critical in interpreting the results of Tanaka's TG mouse study. Unfortunately, there was no confirmation of Hsp70 protein levels aside from immunohistochemistry, which appeared to stain noncellular stromal elements and a few lamina propria cells. Surprisingly, Hsp70 was not seen in colonic epithelium under even basal conditions. Since a ␤-actin promoter was used to drive transgene expression, Hsp70 expression should have been observed in many cell types, including the intestinal epithelium. The details of the primary antibody used in the study were not described either and might account for some of the differences with our study.
We believe that the downregulation of colonic epithelial Hsp70 in human IBD and experimental colitis contributes to the severity and chronicity of the disease because of the importance of Hsp70 in maintaining intestinal homeostasis. The loss of critical protection from epithelial Hsp70 might have multiple profound negative consequences, rendering the mucosa highly susceptible to inflammatory and immune stresses. Furthermore, therapies to induce Hsp70 in colonic mucosa in the presence of inflammation, e.g., probiotics, mesalamine, glucocorticoids, and short-chain fatty acids, are not likely to be useful because translation of endogenous Hsp70 mRNA would be inhibited (3, 22, 23, 34) . Future strategies to induce Hsp70 might therefore be directed at forcing Hsp70 translation, or reducing translational inhibition, e.g., siRNA against critical miRNA or regulatory proteins involved in Hsp70 translational blockage (17) .
